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I. An Account of ObferVations made on Board the 
Chatham-Yacht, Auguft 3 otb and 3 \jl, and 
September i ft, 1732, in purfnance of an Or¬ 
der made by the Bight Honourable'the Lords 
Commijftoners of the Admiralty , for the Trial of 
an Inftrument for taking Angles, defcribed in 
Philofophical Tranfa&ions, Numb, 420, 
By John Hadley, Efq-, Vice-Breftdent of the 
Royal Society. 


I N May, 17319 I communicated to the Society 
the Defcription of a new Inftrument for taking 
Angles, and produced a Specimen of an Inftru¬ 
ment made accordingly. Several of the Gentlemen 
t© whom it was fhewn, as well then as at other 
times, entertained a favourable Opinion of the Pro¬ 
bability of its Ufefulnefs, particularly our worthy 
Vice-Prefident Dr. Edmund Halley , Aftr. Reg. and 
the Reverend Mr. James Bradley , Aftr. Pr. S. 
not only ex prefled their Defire that Trial fhould be 
made of it at Sea, but promifed the Favour of their 
Company and Afliftance on that Occafion. 

The Inftrument produced at the Society was made of 
Wood, according to Fig. IV. Tranfa^t. N° 410. of the 
Torementioned Defcription,and was intended chiefly for 
taking Altitudes of the Sun, Moon and Stars, from the 
vifible Horizon, either forwards or backwards $ I there¬ 
fore procured another to be made of Brafs by Mr. J. 
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Siffoiiy for taking the Diftance of any kind of Oh- 
je&s. It is fupported by a {ingle Stem Ikrewed on 
to it on the under Side, the lower End of which 
may refton'the Ground, to eafethe Obferver of the 
Weight of the Iriftrument. This Stem: is alfo 
made to lengthen or (horten, by which Means the 
Jnftrument is brought to the proper Height foe 
any Obferver’s Eye, either {landing or fitting., In> 
Head of a Ball and Socket, it has two circular Arches 
fixed on its Back, by which it is readily fet to 
any Pofition which the Situation of the Objefts may 
require. V 

The Right Honourable the Lords Commiffioners of 
the Admiralty having been pleafed to order the 
Chatham-Tacht for the Trial of the faid Inftru- 
ment, and to give Directions to Mr. James. Toung* 
Matter Attendant at CbatbaM r a Gentleman well 
lkill’d in Navigation, to be prefent at the Trial, my 
two Brothers and Self went on Board accordingly 
f-Fednefday , Auguft the 30th, being favoured with 
the Company (beftdes the two 'forementioned Gen* 
tlemon) of the Reverend Sir Robert Pye y Bart, and 
Robert Ord T Efqj Members of this Society. We 
met Mr. Tomg at Sheernefs the next Day, who ac* 
com panic d us down about three Leagues below the 
Nore, near the Spile-Sand, and was on Board on 
Friday , September the ift, when we lay by there, 
and thefeveral Altitudes of the Sun were taken as it 
approached the Meridian from about Ten of the Clock 
’till Noon. 

The 
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The Obfervations were as follow* 

AuguJ the 30th, near Midnight, 

Mr. Bradley obferved the Diftance 
of Lucid a Lyra from Cur Aquihe 
by the Brafs I aft r ament oft GraveJ- 
end in (till Water, 34" 13' s d- 

The fame repeated was 34 13 ry 

The Error of the Inftrument in that Place is 13" to 
be fubtrafted. 

The Diftance of thofe Stars, accord¬ 
ing to Mr. Flamfieed^ is 34" 1 1" yo 

Which by the Refraction is reduced to 34- s t ic 

Augujt the 31ft, about io h 30', 

Mr. Bradley obferved the Diftance 
of Capella from the North Pointer 
in the Great Bear s Back, by the 
fame Inftrument, while we lay at 
Anchor in the Mouth of the Med¬ 
way near Sheernefs, the Wind blow¬ 
ing hard at North Eaft, 49 0 14' 00 '+ 

Or 49 if 00 

Mr.Bradley andmyfelf making a fmali Difference 
in numbring the Angle mark’d by the Index. 
The Error of the Divifion of the Inftrument there 
is 30'' to be added. 

The Diftance of thofe Stars, accord¬ 
ing to Mr. Ftamjfeedy is 49 0 1 0 00 *"' 

By the Refraction reduced to 49 14 2© 

Clouds coming up prevented the repeating this Ob- 
fervation, nor had we any Opportunity of making 
any others of this kind. 
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Altitudes of the Sun obferved by Mr. Bradley , 
lying at Anchor in the Mouth of the Medway, Au - 
gujl the 3iff. Afternoon, the Wind at North-Eaft, 
a frelh Gale, by the Wooden Inftrument forwards. 
The Watch by the Mean of the Obfervations ap¬ 
peared to be about 8 7 45’" too flow ; the viflble Hori¬ 
zon being fuppofed 3' 30" deprefled below the true 
by the Height of the Obferver’s Eye above the Sur¬ 
face of the Water, amounting to about 8 or 9 
Feer. 
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Altitudes of the Sun, obferved September the iff, 
before Noon, under Sail from Sbeernefs towards the 
Spile-Sand^ with the Tide of Ebb, the Wind blow¬ 
ing hard at North-Eaft, by the Wooden Inftrument 
forward. The fecond Speculum being removed by 
fome Accident from its due Pofition, fo as to in- 
creafe the Angles obferv’d about one Degree three 
Minutes and a half, as appeared by the firft Qb- 
fervations of the Afternoon of the fame Day, made 
with the fame Inftrument, in the fame manner, 
while we continued lying*by near the Spile ; and 
that Degree and three Minutes and a half are added 
to the Errors of the Divifions of the Inftrument in 
the feventh Column. While thefe Obfervatians were 
making, the Yacht fteered at firft chiefly Eaft, fome- 
times South-Eaft, afterwards flood to the North-Eaft, 
towards the Swift. The Time of the Watch was 
regulated by fome of the later Obfervations made 
when we were moft Eaftward, and this was probably 
the Caufe why the firft Altitudes, which were taken 
while we were more Wefterly, fall fo much Ihort of 
the Computations, the Difference decreafing gradu- 
ally as we advanced towards the Eaft. 
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The fame continued by Mr. John Hadley 
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The fame continued by Mr. Bradley 
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Between each of the five laft of thole Obfervations the Index was removed fo 
s to make them entirely independent of one another; and from their near .Agree¬ 
ment H ; nong rhemfelve?, and with good Parr of the preceding, I conclude the 
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The firft and fixth Columns of the preceding Ta¬ 
bles of Obfervations are copied from the Minutes as 
they were fet down at the Time. The Divifions of 
the Wooden Inftrument being not exaift, I found it ne- 
celfary to make a Table to correct them by, which was 
done partly by meafuring with Com pa lies, and partly 
by examining them againft thofeof another Inftrument. 
The Correftions are every where to be fubftrafted 
from the Angles obferved, and the Errors of a Degree 
and three Minutes and a half, occafioned by the mif- 
placing the fecond Speculum in all the forward Obfer¬ 
vations of September the ift, being of the fame kind, 
are joined with them, in the feventh Column of the Ta¬ 
bles of thofe Obfervations. The laft Column contains 
the Differences between the obferved Altitudes, cor¬ 
related by the ’forementioned Table, and the Alti¬ 
tudes as they ought to have appeared by the Com¬ 
putations. Among them there are two or three which 
fo much exceed any of the reft, that for that reafon 
they feem to be rather owing to Miftakes, in counting 
.the Minutes on the Inftrument, or the Time by the 
Watch, than to the Errors of the Obfervations. 

The greateft Part of the Altitudes were taken by a 
Horizon not clear of Land, and by that Means not al ¬ 
ways lo readily diftinguifhable. The Obfervers were 
all Perfons quite unaccuftotned to the Motion of a Ship 
at Sea, which in this Cafe was generally very great and 
quick, the Veflel we were in being only of about 60 
'Tuns Burthen, as the Mafter informed us, the 
fmalinefs of which made italfo more liable to be lifted 
up and let down again by the Waves: And if the 
Difference of Height occafioned by that Means was 
about four or five Feet, as we judged it to be, it 

A a a mu£ 
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muft neceifarily (Ink and raife the visible Horizon by 
Tarns near one Minute. The Computations of the 
Sun’s Altitudes are all made for the Latitude of 
yT 18', whereas a good Part of them were taken 
under Sail, and upon different Tacks, the Veftel fome- 
times (landing North Eaft or North, and at other 
times South Eaft, for near a quarter of an Hour 
at a time. 

Several of thefe Circumftances may probably have 
contributed to increafe the Inconfiftency of the Ob- 
Tervations j but as no particular Notice was taken of 
them at the Time, I content my felf with barely 
mentioning them. 

postscript. 

The Principle on which the Contrivance of this In- 
ftrument depends, was laid down in the before-men¬ 
tioned Philo/. Tranf. Numb. 4io. in one Proposition, 
and feveral Corollaries , the tifth of which contains 
the Grounds of an Approximation for corre&ing 
fome fmall Errors which will arife if the Plane of 
the Inftrument be fufFered to vary too much from 
the great Circle pafling through the two Objefts, 
when the Obfervation is taken. There appears rea- 
fon to think, that there wiil be very little Occafion in 
Practice for that Corre&ian, but it was neceffary to 
mention it, in order to explain the Nature of the In¬ 
ftrument j and as the manner of deducing that Co¬ 
rollary from the Propofition may not appear obvious 
to every Reader, I have here annexed the Demonftra- 
t ion of it. 
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Let O B C in the annexed Figure reprefent an infinite 
Sphere, at whofe Center R are placed the two Specula 
inclined to one another in any given Angle,and let their 
common Seftion coincide with the Diameter OR C, 
LetB A N be the Circumference of a great Circle, to 
the Plane of which the common Seftion of the Spe¬ 
cula O R C is perpendicular, and B R its Radius: 
Let ba n be the Circumference of a Circle parallel to 
BAN, and at the Diftance from it B b : Draw 
b D the Sine, and b r the Sine complement of the 
Arch B b : B D is the verfed Sine of the fame. Let 
A be a Point of an Objed placed in th® Circumfe¬ 
rence of the great Circle BAN, andN the Point in 
which its Image is formed by the two fucceflive Re- 
fledions, as before defcribed ; and lei a be a Point of 
another Objed placed any where in the Circumfe¬ 
rence of the Parallel b a //, and n its Image; and let 
ah n be an Arch of a great Circle palling through 
the Points a and n. The Point a is at the fame Di¬ 
ftance from the great Circle BAN, as the Point b , 

u e. 
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i. e. at the Diftance B b. Draw A R, AN, R N, 
a r, a n, r n, a R and n R. 

By the fourth Corollary the Figures A RN and 
a rn are fimilar, and confequently the Line A N is 
to the Line a n as AR or B R is to a r or b r, i. e. as 
the Radius is to the Sine complement of the Diftance 
B b. But A N is the Chord of the Arch A H N of 
the great Circle BAN equal to the Tranflation of the 
Point A, or double the Inclination of the Specula,, 
and .a n is the Chord of the Arch a h n of a great Cir* 
cle, meafuring the Angle a R n, by which the Point 
a appears removed by the two Refte&ions, to an F.,ye 
placed in the Center R.. Therefore the Tranflation, 
or apparent Change of Place of the Point a is mea- 
fured by an Arch of a great Circle, whofe Chord is 
to the Chord of the Arch A H N (equal to double 
the Inclination of the Specula) as the Sine comple¬ 
ment of its Diftance from the great Circle BAN is to 
the Radius. 

From any Point C of the Circumference OBC 
draw the Chords C M and C m y to the fame Side of 
the Point C, and equal to the Chords A N and an 
refpe&ively, draw the Radius R M, and from Rand 
m draw RQ, and m P, both perpendicular to C M, 
and cutting it in Q.and P. R Q. is the Sine comple¬ 
ment, and CM double the Sine of half the Angle 
M R C, or xAR N, or of the Angle of Inclination of 
the Specula. The little Arch Mm will rcpvefent the 
Difference of the apparent Tranflations of the Objects 
in A. and a ; and if it be very ftnail, may be looked 
on as a ftrait Line, and the little mix’d Triangle 
Mm? as a re&ilinear one,, which will be limilar 
ro R M CL, becaufe RM is perpendicular to M m and 

RCL 
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R Q_ to CM, and the Angles at Q.and P right An¬ 
gles. The Line C P may be taken as equal to 
C and M P as the Difference of the Lines C M and 
C m. Therefore the little Arch M m is to the Line 
M P nearly as R M to R Qj But C M ( t. e. AN) 
was to C» (i.r. an) as BRto b r, and the Dif¬ 
ference M P of CM and C m to the Difference B D 
of B R and b r as CM to BR. Therefore M m % the 
Difference of the apparent Tranflations, is to B D, 
the verfed Sine of the Diftance B b , or to an Arch 
equal to it, in the compound Ratio of R M the Ra¬ 
dius to R Q_ the Sine complement of the Angle of 
Inclination of the Specula, and C M double the 
Sine of the fame to BR the Radius, i. e. as C M 
to R Q_. 

The Obfervation may be corrected by one eafy 
Operation in Trigonometry, as will appear from the 
firft Part of this Corollary, viz. by taking the half of 
the Angle obferved, and then finding another Angle, 
whofe Sine is to the Sine of that half, as the Sine 
complement of the Diftance Bb is to the Radius r 
This Angle doubled, will be the true Diftance of the 
Objefts. But as this Operation, though eafy, will 
require the ufe of Figures, I rather chofe the Method 
of Approximation, becaufe by that the Obferver, re¬ 
taining in his Memory the Proportions of the Sines of 
a few particular Arches to the Radius, may ealily efti- 
matethe Correftion without Figures, when the Angle 
is not great, and by a Line of artificial Numbers and 
Sines, may always determine it with greater Exactnefs 
than will ever be necelfary. 

When the Angle obferved is very near 180 Degrees, 
the Correction may be omitted ; for then it will be 

eafy 
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eafy to keep the Plane of the Inftrument fo near that 
of the before-mentioned great Circle as not to want 
any, if the Situation of that Circle be known: If it 
be not, the Obferver, when he fees the two Objects 
together, may turn the Inftrument on the Axis of the 
Telefcope, ’till he finds that Polition of it by which 
he obtains the leaf! Angle;, and this (if the Specula 
are fet truly perpendicular to the Plane of the In- 
ftrument), will always happen when the Objeds ap¬ 
pear to coincide in the Line g h P as expreifed in the 
third Fig. of franf. No 410. 

In Page 1.51 of the fame, a Rule is given for find¬ 
ing to which Hand of the Obferver the Objed feen.- 
by Refledion ought to lie, but is reftrained to the par¬ 
ticular Form of the Inftrument there defcribed. The 
general Rule is, that when the Index is brought to the 
beginning of the Scale (i.e. to o° when the Inftru¬ 
ment is defigned for Angles under 9.0°, or to 90° when 
it is defigned for Angles from 90° to 1B0 0 ) if then a 
Line be imagined to be drawn on it parallel to the 
Axis of the Telefcope, or Line of Diredion of the 
Sight,, fo as to point towards the Objetc feen directly • 
which ever way this Line is carried by the Motion of 
the Index along the Arch from o° towards 90 3 in the 
firft Cafe, or from 90° towards 18o° in the fecond, the 
fame way the Objed feen by Refledion ought to lie 
from that which is feen diredly. 

Erratum,, Pag. 15-4. Line 14, read, They may be 
either of Metal\ or Glafs Plates foil'd, having their 
two Surfaces, dec. 
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